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Abstract
7KLUW\IRXUVSHFLHVRIPRVTXLWRHV'LSWHUD&XOLFLGDHZHUHFROOHFWHGDFURVVWKUHHSK\WRJHRJUDSKLF
]RQHVWURSLFDOWRPVXEWURSLFDOWRPDQGWHPSHUDWHWRPLQWKH
*DUKZDOUHJLRQRI,QGLD7KH\LQFOXGHGJHQHUD Aedes, Anopheles, Armigeres, Culex DQG
Uranotaenia2IWKHVHWKHLPPDWXUHIRUPVRIVSHFLHVZHUHUHFRYHUHGIURPGLIIHUHQWEUHHGLQJ
KDELWDWV7KHODUYDOKDELWDWVZHUHVHHSDJHSRROVULYHUEHGVULFHILHOGVWDQNVIRUHVWSRROVGLWFKHV
VWUHDPVURFNKROHVWUHHKROHVLQWUDGRPHVWLFFRQWDLQHUVDQGVKDOORZSLWV7KUHHJURXSVDQGWZR
VHSDUDWHLQGLYLGXDOVSHFLHVZHUHDVVRFLDWHGEDVHGRQEUHHGLQJKDELWDWVLPLODULW\E\PHDQVRIFOXVWHU
DQDO\VLV7KHFKDUDFWHUVWDNHQLQWRFRQVLGHUDWLRQIRUFODVVLILFDWLRQZHUHQDWXUDODUWLILFLDO
WHPSRUDU\SHUPDQHQWVKDG\OLJKWHGYHJHWDWLRQPRYHPHQWDQGWXUELGLW\%UHHGLQJKDELWDWVVXFKDV
VWUHDPVDQGURFNKROHVZHUHWKHULFKHVWKDELWDWVVKDUHGE\PRVTXLWRVSHFLHVIROORZHGE\VHHSDJH
SRROVKDUERULQJVSHFLHVRIPRVTXLWRHV7KHORZHVWVSHFLHVGLYHUVLW\VSHFLHVZDVUHFRUGHGIURP
VKDOORZSLWV*HQHUDOO\DOOWKHFROOHFWHGVSHFLHVZHUHIRXQGLQQDWXUDOKDELWDWVLQTXLHWVWDJQDQW
FRQGLWLRQVDWDGHSWKRI±P*HQHUDOO\WKHPD[LPXPQXPEHURIVSHFLHVSUHIHUUHGSDUWLDOO\
VKDG\DQGWHPSRUDU\ZDWHUKDELWDWV0RGHUDWHYHJHWDWLRQDQGFOHDUZDWHUKDELWDWVDOVRKDGDGLYHUVLW\
RIPRVTXLWRVSHFLHV Culex mimeticus 1RHDQG Anopheles maculatus 7KHREDOGKDGWKHKLJKHVW
DVVRFLDWLRQFRHIILFLHQWIROORZHGE\ Anopheles stephensi /LVWRQDQG Anopheles vagus 'RQLW]
7KHKLJKHVWQHJDWLYHDVVRFLDWLRQïZDVIRXQGEHWZHHQWKHVSHFLHVRI Culex vishnui
7KHREDOGDQG Culex brevipalpis *LOHV7KHUHZHUHDIHZVSHFLHVRIPRVTXLWRHVIRUZKLFKRQO\
LPPDWXUHVZHUHFROOHFWHG3K\WRJHRJUDSKLFDOO\WKH]RQHVRIORZHUHOHYDWLRQVKDUHGKLJKHUVSHFLHV
DEXQGDQFHWKDQWKHKLJKHUHOHYDWLRQ
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6SHFLHV QHYHU H[LVW DORQH EXW DOZD\V DVVHPEOH
WRJHWKHU ZLWK RWKHU RUJDQLVPV WR IRUP D
FRPPXQLW\ LQ WKH VDPH DUHD RU KDELWDW 7KH
FRH[LVWHQFH RI PRUH WKDQ RQH VSHFLHV LQ D KDELWDW
DW D JLYHQ WLPH LQGLFDWHV WKDW VSHFLHV VKDUH KDELWDW
UHTXLUHPHQWV )RU H[DPSOH GLIIHUHQW VSHFLHV RI
LPPDWXUH VWDJHV RI PRVTXLWRHV RFFXS\ WKH VDPH
KDELWDW DQG DUH WKHUHIRUH SDUW RI D JXLOG
8QGHUVWDQGLQJ WKH UHODWLRQVKLS EHWZHHQ KDELWDWV
HQYLURQPHQWDO IDFWRUV DQG RFFXUUHQFH RI
LPPDWXUH PRVTXLWRHV LV HVVHQWLDO IRU DQ HIILFLHQW
DSSOLFDWLRQ RI PRVTXLWR FRQWURO PHWKRGV 7KH
PDMRULW\ RI PRVTXLWR VSHFLHV SUHIHUUHG WR EUHHG LQ
SHUPDQHQW EUHHGLQJ VLWHV HVSHFLDOO\ QDWXUDO VLWHV
LQ XUEDQ VHPLXUEDQ DQG SHULXUEDQ DUHDV ZKLOH
VRPH VSHFLHV DUH PRUH DEXQGDQW LQ WHPSRUDU\
EUHHGLQJ SODFHV +HQFH WKH DVVRFLDWLRQ EHWZHHQ
VSHFLHV RI PRVTXLWRHV FDQ SURYLGH FOXHV WR DQ
XQGHUVWDQGLQJ WKHLU ELRORJ\ DQG WKHLU UROH LQ WKH
WUDQVPLVVLRQRISDWKRJHQV
6HQLRU :KLWH  JURXSHG WKH PRVTXLWRHV
EDVHG RQ WKHLU SUHIHUHQFH RI EUHHGLQJ KDELWDWV
ZKLFK HPSKDVL]HG WKH DELOLW\ RI GLIIHUHQW VSHFLHV
WR VHOHFW EUHHGLQJ KDELWDWV &RQWULEXWLRQV PDGH
E\ HDUOLHU ZRUNHUV UHJDUGLQJ EUHHGLQJ RI GLIIHUHQW
VSHFLHV XQGHU ILHOG FRQGLWLRQV DUH HQWLUHO\ EDVHG
RQ IUHTXHQF\ RI FRRFFXUUHQFH RI WKH LPPDWXUH
DQG KDYH QRW EHHQ DQDO\VHG VWDWLVWLFDOO\ WR NQRZ
WKH VWUHQJWK RI DVVRFLDWLRQ RU UHSXOVLRQ EHWZHHQ
WKHP &ROH  %KDW DE 0DOKRWUD HW DO
 DQG %KDWW HW DO  $ QXPEHU RI VWXGLHV
KDYH EHHQ FDUULHG RXW RQ $QRSKHOLQH PRVTXLWR
EUHHGLQJ LQ YDULRXV KDELWDWV ,\HQJDU 
5XVVHOO DQG 5DR  5DKPDQ HW DO
5DMDJRSDODQ HW DO  6DKX HW DO  %KDWW HW
DO  7KH VWXGLHV RI 5HLVHQ HW DO  6DYDJH
et al.  $OPLURQ DQG %UHZHU  DQG
5DMQLNDQW HW DO  GHPRQVWUDWH LQWHUVSHFLILF
DVVRFLDWLRQV DPRQJ PRVTXLWRHV DQG D FRUUHODWLRQ
ZLWK SK\VLFRFKHPLFDO DQG ELRORJLFDO FRPSRVLWLRQ
RI PRVTXLWR EUHHGLQJ ZDWHUV )XUWKHU 5REHUW HW
DO  VWXGLHG WKH HFRORJ\ RI ODUYDO PRVTXLWRHV
ZLWK VSHFLDO UHIHUHQFH WR Anopheles arabiensis
3DWWRQ LQ PDUNHWJDUGHQ ZHOOV LQ XUEDQ 'DNDU
6HQHJDO 6XEVHTXHQWO\ 0LQDNDZD HW DO  DQG
(GLOOR HW DO  FRQGXFWHG VWXGLHV RQ VSDWLDO
GLVWULEXWLRQ DQG KDELWDW FKDUDFWHUL]DWLRQ RI
$QRSKHOLQH PRVTXLWR ODUYDH LQ ZHVWHUQ .HQ\D DQG
:HVW $IULFD UHVSHFWLYHO\ DQG GLVFXVVHG IDFWRUV
WKDW LQIOXHQFH WKHLU GLVWULEXWLRQ SDWWHUQV /DWHU
RQ 6DWWOHU HW DO  XQGHUWRRN VWXGLHV RQ
KDELWDW FKDUDFWHUL]DWLRQ RI Anopheles PRVTXLWR
ODUYDH LQ 'DU HV 6DODDP 7DQ]DQLD DQG QRWHG WKH
WXUELGLW\ DQG ORFDWLRQ RI EUHHGLQJ KDELWDWV DV NH\
IDFWRUV LQIOXHQFLQJ WKH ODUYDO GLYHUVLW\ 5XHGD HW
DO   GHVFULEHG KDELWDWV DQG GLVWULEXWLRQ
SDWWHUQV RI Anopheles sinensis :LHGHPDQQ DQG
WKH An. hyrcanus JURXS 5HFHQWO\ $GLW\D HW DO
 FRQGXFWHG VWXGLHV RQ ODUYDO KDELWDWV DQG
WHPSRUDO YDULDWLRQV LQ PRVTXLWR GLYHUVLW\ LQ WKH
KLOO WRZQ RI 'DUMHHOLQJ +LPDOD\DV ,QGLD IRU D
TXDOLWDWLYH DQG TXDQWLWDWLYH DVVHVVPHQW RI
PRVTXLWRGLVWULEXWLRQ
6RPH UHODWHG PRVTXLWR IDXQDO VWXGLHV IURP WKH
*DUKZDO UHJLRQ LQ WKH VWDWH RI 8WWDUDQFKDO ,QGLD
ZHUH PDGH E\ 0DKHVK DQG -DXKDUL D 
DQG 3HPROD DQG -DXKDUL  D E ZKLOH VWXGLHV
RQ LQWHUVSHFLILF DVVRFLDWLRQV DQG WKH LQGH[ RI
DVVRFLDWLRQ DPRQJ LPPDWXUH RI $QRSKHOLQHV IURP
WKH VDPH UHJLRQ KDYH EHHQ ZRUNHG RXW E\ -DXKDUL
HW DO  0DKHVK HW DO  DQG 0DKHVK DQG
-DXKDULE
'XULQJ ILHOG VXUYH\V RI PRVTXLWR EUHHGLQJ VLWHV LQ
WKH *DUKZDO UHJLRQ LQ WKH VWDWH RI 8WWDUDQFKDO
,QGLD VHYHUDO HQYLURQPHQWDO IDFWRUV WKDW FRXOG EH
TXDQWLILHG ZHUH IRXQG WR EH SURPLVLQJ DV
SUHGLFWRUV RI PRVTXLWR RFFXUUHQFH 3HPROD DQG
-DXKDUL  2QH RI WKH PRVW LPSRUWDQW IDFWRUV
ZDV WKH YHJHWDWLRQ WKDW IDYRUV ODUYDO SURSDJDWLRQ
DQG LV FRUUHODWHG ZLWK DGXOW GHQVLWLHV 0RUHRYHU
KDELWDW DQG FOLPDWH KDV DOVR EHHQ IRXQG WR H[KLELW
D FRUUHODWLRQ ZLWK WKH PRVTXLWR VSHFLHV WKDW DUH
SUHVHQWLQDQDUHD
*LYHQ WKDW D WKRURXJK NQRZOHGJH RI
SK\VLFRFKHPLFDO DQG ELRORJLFDO SDUDPHWHUV RI WKH
EUHHGLQJ KDELWDWV LV HVVHQWLDO VLQFH HDFK KDELWDW
SURGXFHV VSHFLILF PRVTXLWR VSHFLHV DQG VKRZV D
VHDVRQDO SURJUHVVLRQ ZH VXUYH\HG SRVVLEOH
PRVTXLWR EUHHGLQJ VLWHV LQ DOO WKUHH
SK\WRJHRJUDSKLF ]RQHV RI *DUKZDO DQG JURXSHG
PRVTXLWR VSHFLHV DVVRFLDWLRQV DFFRUGLQJ WR WKH
VLPLODULW\ RI WKHLU FKRVHQ KDELWDWV 7KH SUHVHQW
VWXG\ LV WKH ILUVW DWWHPSW WR XQGHUVWDQG PRVTXLWR
DVVRFLDWLRQV LQ GLIIHUHQW EUHHGLQJ KDELWDWV LQ WKH
*DUKZDOUHJLRQRI,QGLD
Materials and Methods
Study area
7KH VXUYH\ ZDV PDGH EHWZHHQ 1RYHPEHU  WR
2FWREHU  IURP IL[HG ORFDOLWLHV DFURVV WKUHH
SK\WRJHRJUDSKLF ]RQHV LQ WKH *DUKZDO UHJLRQ
WURSLFDO ± P VXE WURSLFDO ±
P DQG WHPSHUDWH ± P 7KH VWXG\
FRYHUHG D PDMRU SDUW RI WKH  GLVWULFWV LQFOXGLQJ
'HKUD'XQ 3DXUL 1HZ7HKUL &KDPROL DQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 1'LVWULEXWLRQRI0RVTXLWRHVDFURVVWKHWKUHHGLIIHUHQW3K\WRJHRJUDSKLF]RQHLQ*DUKZDOUHJLRQRI
8WWDUDQFKDO,QGLDGXULQJ1RYHPEHUWR2FWREHU
Phytogeographic zones
Tropical (300–1000m) Subtropical (1000–2000m) Temperate (2000–3000m)
Name of Species
Genus – Aedes 0HLJHQ
Subgenus – Christophersiomyia %DUUDXG
Ae. thomsoni 7KHREDOG Ø 
 
Subgenus ± Finlaya 7KHREDOG
Ae. albolateralis 7KHREDOG Ø 
 Ø 
 Ø 

Ae.aureostriatus JUHHQL7KHREDOG Ø 
Ae. dissimilis /HLFHVWHU Ø 
 
Ae. pulchriventer *LOHV  ØØ
Ae. suffusus (GZDUGV Ø 
Subgenus – Stegomyia 7KHREDOG
Ae. aegypti /LQQDHXV Ø 
Ae. albopictus 6NXVH Ø 
 Ø 
Ae. subalbopictus %DUUDXG  Ø 
 Ø 

Ae. unilineatus 7KHREDOG Ø 
Genus ± Anopheles 0HLJHQ
Subgenus – Anopheles 0HLJHQ
An. gigas *LOHV Ø 
 Ø 
 Ø 

An. lindesayi *LOHV Ø 
 Ø 
 Ø
An. nigerrimus *LOHV Ø 
 
Subgenus – Cellia 7KHREDOG
An. aconitus 'RQLW] Ø 
An. annularis 9DQGHU:XOS Ø 
 
An. culicifacies *LOHV Ø 
 
An. fluviatilis -DPHV Ø 
 
An. maculatus 7KHREDOG Ø 
 Ø 
 Ø 

An. minimus 7KHREDOG Ø 
An. splendidus .RLG]XPL Ø 
 
An. stephensi /LVWRQ Ø 
 
An. subpictus *UDVVL Ø 
 Ø 
 Ø
An. theobaldi *LOHV ØØ Ø
An. vagus 'RQLW] Ø 
 Ø 
Genus – Armigeres 7KHREDOG
Subgenus – Armigeres 7KHREDOG
Ar. durhami (GZDUGV ØØ 
Genus ± Culex /LQQDHXV
Subgenus – Culex /LQQDHXV
Cx. barraudi (GZDUGV ØØ 
 Ø 

Cx. mimeticus 1HR Ø 
 Ø 
 Ø 

Cx. quinquefasciatus 6D\ Ø 
 Ø 
 Ø
Cx. vagans :HLGHPDQ Ø 
 Ø 
 Ø 

Cx. vishnui 7KHREDOG Ø 
 
Subgenus ± Culiciomyia 7KHREDOG
Cx. pallidothorax 7KHREDOG Ø 
Cx. viridiventer *LOHV Ø 
 Ø 
 Ø 

Subgenus – Neoculex '\DU
Cx. brevipalpis *LOHV Ø 
 
Genus ± Uranotaenia /\QFK$UULEDO]DJD
Ur. nivipleura /HLFHVWHU ØØ 
ØSUHVHQFHRIDGXOWVSHFLPHQV

SUHVHQFHRILPPDWXUHIRUPV
8WWDUNDVKL ORFDWHG EHWZHHQ 1 WR 1
ODWLWXGH DQG ( WR ( ORQJLWXGH $V
SHU HDUOLHU UHFRUGV WKH ZHVWHUQ SDUW RI WKH
+LPDOD\DV KDV EHHQ IRXQG WR EH H[WUHPHO\ ULFK LQ
SODQW OLIH $PRQJ WKH SK\WRJHRJUDSKLF ]RQHV WKH
WURSLFDO ]RQH LV PDLQO\ FRYHUHG E\ GHFLGXRXV
IRUHVW ZKLOH VXE+LPDOD\DQ UHJLRQ FRQVLVWV RI
VXEWURSLFDO IRUHVW W\SH LQFOXGLQJ SLQH IRUHVW DQG
PL[HG RDN DQG UKRGRGHQGURQ YHJHWDWLRQ 7KH
WKLUG ]RQH RI WHPSHUDWH IRUHVW LV FRPSRVHG RI
FRQLIHUV RDN DQG UKRGRGHQGURQV 'HWDLOV RI WKH
VHOHFWHG DUHD VXFK DV ORQJLWXGH ODWLWXGH DQG
DOWLWXGH ZHUH FRPSXWHG XVLQJ WKH JOREDO
SRVLWLRQLQJ V\VWHP *36 IRU DFFXUDWH ORFDWLRQ RI
VDPSOLQJ VWDWLRQV DQG WKH DUHDV RI LQWHUHVW $
SRUWDEOH DOWLPHWHU ZDV DOVR XVHG IRU PHDVXULQJ
DOWLWXGHRIWKHPRVTXLWR¶VKDELWDW
Mosquito sampling
$GXOW PRVTXLWRHV ZHUH FROOHFWHG XVLQJ DVSLUDWRU
DQG IODVK OLJKW IURP ERWK LQGRRU DQG RXWGRRU
UHVWLQJ KDELWDWV GXULQJ PRUQLQJ KRXUV
± HYHU\ WZR ZHHNV &ROOHFWLRQ RI
LPPDWXUHPRVTXLWRHVZDVDOVR PDGHRQWKHVDPH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 13KHQRJUDPRI287¶VUHVXOWLQJIURP&OXVWHUDQDO\VLVEDVHGRQ7DEOH
GD\ E\ GLSSLQJ DQG QHWWLQJ PHWKRGV DV SHU :+2
 JXLGHOLQHV ,GHQWLILFDWLRQ LV EDVHG RQ DGXOW
FKDUDFWHUV XVLQJ VWDQGDUG WD[RQRPLF NH\V DQG
FDWDORJXHV &KULVWRSKHUV  %DUUDXG 
:DWWDO DQG .DOUD  .QLJKW DQG 6WRQH 
'DV HW DO  'DUVLH DQG 3UDGKDQ  1DJSDO
DQG 6KDUPD  6SHFLHV ZHUH FRQILUPHG IURP
DGXOWV WKDW HPHUJHG LQ WKH ODERUDWRU\ IURP
FROOHFWHG LPPDWXUHV ,Q HDFK ORFDOLW\ WKH
FROOHFWLRQ VSRWV ZHUH IL[HG LQ GLIIHUHQW GLUHFWLRQV
,Q DGGLWLRQ UDQGRP FROOHFWLRQ ZDV GRQH IURP
HYHU\ SRVVLEOH KDELWDW ,QIRUPDWLRQ RQ FRH[LVWLQJ
ELRWLF FRPPXQLW\ DQG EUHHGLQJ FKDUDFWHUV ZDV
UHFRUGHG DW WKH WLPH RI PRVTXLWR VDPSOLQJ
,GHQWLILHG PRVTXLWR VSHFLPHQV DUH GHSRVLWHG LQ
WKH LQVHFW FROOHFWLRQ UHFRUGV DW =RRORJLFDO 6XUYH\
RI,QGLD.RONDWD
Data analysis
7KH FROOHFWHG GDWD ZLWK UHVSHFW RI DGXOW DQG
LPPDWXUH PRVTXLWRHV ZHUH DQDO\]HG XVLQJ WKH
IROORZLQJ VWHSV  L OLVWLQJ RI RSHUDWLYH WD[RQRPLF
XQLWV LL GHYHORSPHQW RI EDVLF PDWUL[ RI GDWD DQG
LLL FDOFXODWLRQ RI VLPLODULW\ IRU HDFK SDLU RI
PRVTXLWR VSHFLHV 6LQFH WKH PDLQ SXUSRVH ZDV WR
JURXS PRVTXLWR VSHFLHV ZLWK VLPLODU EUHHGLQJ
IHDWXUHV WKH RSHUDWLYH WD[RQRPLF XQLWV FKRVHQ
ZHUH WKH PRVTXLWR VSHFLHV FROOHFWHG 7KH UHFRUGHG
EUHHGLQJ KDELWDWV DQG SK\VLFDO FKDUDFWHUV RI
EUHHGLQJ JURXQGV ZHUH DQDO\]HG WR LGHQWLI\
FRPPRQ SDWWHUQV RI LPPDWXUH VWDJH KDELWDWV
ZKHUH GLIIHUHQW PRVTXLWR VSHFLHV ZHUH FROOHFWHG
%RWK TXDQWLWDWLYH ZDWHU GHSWK DQG TXDOLWDWLYH
QDWXUDO  DUWLILFLDO SHUPDQHQW  WHPSRUDU\
VKDG\  OLJKWHG ZDWHU PRYHPHQW YHJHWDWLRQDO
FRQGLWLRQ DQG WXUELGLW\ FKDUDFWHUV ZHUH FRGLILHG
DV SUHVHQFHDEVHQFH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 26LPLODULW\PDWUL[IRUWKHRSHUDWLYHWD[RQRPLFXQLWVFDOFXODWHGXVLQJFRHIILFLHQWRIDVVRFLDWLRQ
ann cul flu gig nig lin mac spl ste sub vag abl abp dis sba tho bar bre mi qui van vir vis
ann 
cul  
flu   
gig    
nig     
lin      
mac       
spl        
ste    ï  ï   
sub    ï  ï    
vag    ï  ï     
abl        ï ï ï ï 
abp ï    ï    ï ï ï  
dis       ï ï ï  ï   
sba         ï ï     
tho     ï  ï ï        
bar         ï ï ï      
bre  ï ï  ï  ï ï ï  ï       
mi                ï  ï 
qui  ï ï      ï  ï         
van         ï    ï        
vir ï         ï    ï        
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$ EDVLF PDWUL[ RI GDWD ZDV GHYHORSHG LQ WDEXODU
IRUP RQ WKH EDVLV RI FRGLILHG GDWD FRQVLVWLQJ RI
URZV IRU PRVTXLWR VSHFLHV DQG FROXPQV IRU
SRVLWLYH EUHHGLQJ KDELWDWV DQG FKDUDFWHUV 9DOXHV
ZLWKLQ WKH FHOOV UHSUHVHQW  RU  LI HDFK FKDUDFWHU
ZDV UHFRUGHG IRU HDFK VSHFLHV RU QRW UHVSHFWLYHO\
7KHVH GDWD ZHUH XVHG WR DQDO\]H DQG FDOFXODWH WKH
VLPLODULW\ IRU DOO SRVVLEOH SDLUV RI RSHUDWLYH
WD[RQRPLF XQLWV 7KH VLPLODULW\ IRU DOO SRVVLEOH
FRPELQDWLRQV RI PRVTXLWR VSHFLHV SDLUV RSHUDWLYH
WD[RQRPLF XQLWV ZDV FDOFXODWHG XVLQJ WKH
FRHIILFLHQW RI DVVRFLDWLRQ DQG WKHUHDIWHU WKH
VLPLODULW\ PDWUL[ ZDV GHYHORSHG 2SHUDWLYH
WD[RQRPLF XQLWV ZHUH JURXSHG RQ WKH EDVLV RI
VLPLODULW\ XVLQJ FOXVWHU DQDO\VLV 6$6 ,QVWLWXWH

Results
Distribution of mosquito species
$OWRJHWKHU  VSHFLHV RI PRVTXLWRHV ZLWKLQ WKH
IROORZLQJ  JHQHUD Aedes, Anopheles, Armigeres,
Culex DQG Uranotaenia ZHUH FROOHFWHG 7DEOH 
$PRQJ WKHVH  VSHFLHV ZHUH LPPDWXUHV $GXOWV
DQG LPPDWXUHV  DQG  VSHFLHV UHVSHFWLYHO\
ZHUH FROOHFWHG LQ WKH WURSLFDO ]RQH DW DQ HOHYDWLRQ
EHWZHHQ ± P  VSHFLHV RI DGXOWV DQG 
VSHFLHV RI LPPDWXUHV ZHUH UHFRYHUHG IURP WKH
VXEWURSLFDO ]RQH ZKLOH IURP WKH WHPSHUDWH ]RQH
 DQG  VSHFLHV ZHUH IRXQG DV DGXOWV DQG
LPPDWXUHV UHVSHFWLYHO\ 7KHUH ZHUH D IHZ VSHFLHV
RI PRVTXLWRHV IRU ZKLFK RQO\ LPPDWXUHV ZHUH
FROOHFWHG IURP D SDUWLFXODU ]RQH
3K\WRJHRJUDSKLFDOO\ WKH ]RQHV RI ORZHU HOHYDWLRQ
VKDUHG KLJKHU VSHFLHV DEXQGDQFH WKDQ WKH KLJKHU
HOHYDWLRQ
Grouping of immature mosquitoes
:KLOH FRPSLOLQJ WKH GDWD ZLWK UHVSHFW RI
RFFXUUHQFH RI LPPDWXUH YV EUHHGLQJ FKDUDFWHUV
JURXSV , ,, DQG ,,, ZHUH GLVWLQJXLVKHG LQ WKH
SKHQRJUDP LQ DGGLWLRQ WR WZR LQGLYLGXDO VSHFLHV
)LJXUH  DFFRUGLQJ WR WKH FRHIILFLHQW RI
DVVRFLDWLRQREWDLQHG7DEOH
*URXS , LQFOXGHG  VSHFLHV Culex mimeticus
1RH, Anopheles maculatus 7KHREDOG, Aedes
albopictus 6NXVH, Aedes albolateralis 7KHREDOG,
Anopheles fluviatilis -DPHV, Anopheles
splendidus .RLG]XPL, Anopheles nigerrimus
*LOHV, Anopheles culicifacies *LOHV, Anopheles
stephensi /LVWRQ, Anopheles vagus 'RQLW] DQG
Culex vishnui 7KHREDOG
*URXS ,, LQFOXGHG  VSHFLHV Aedes thomsoni
7KHREDOG, Culex brevipalpis *LOHV DQG Culex
quinquefasciatus 6D\
*URXS ,,, LQFOXGHG  VSHFLHV Anopheles lindesayi
*LOHV, Anopheles gigas *LOHV, Aedes subalbopictus
%DUUDXG, Culex viridiventer *LOHV, Culex barraudi
(GZDUGV, Culex vagans :LHGHPDQQ DQG Aedes
dissimilis /HLFHVWHU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH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Groups
Individual
species
Group I Group II Group III
Variables of
breeding habitats
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7ZR VSHFLHV Anopheles annularis 9DQ GHU :XOS
DQG Anopheles subpictus *UDVVL KDG XQLTXH
SUHIHUHQFHVRIKDELWDWDQGDVVRFLDWLRQ
Cx. mimeticus DQG An. maculatus VKRZHG WKH
KLJKHVW DVVRFLDWLRQ FRHIILFLHQW  IROORZHG E\
An. stephensi DQG An. vagus  7KHUH ZDV D
KLJK SRVLWLYH DVVRFLDWLRQ DPRQJ WKH IROORZLQJ
PRVTXLWR DVVRFLDWHV An. gigas ZLWK An. lindesayi
 DQG Ae. dissimilis ZLWK Cx. vagans
 6LQFH WKH ORZHVW FRHIILFLHQW RI DVVRFLDWLRQ
 ZDV IRXQG EHWZHHQ Cx. quinquefasciatus
DQG Cx. viridiventer, WKH\ ZHUH VHSDUDWHG LQWR
JURXSV ,, DQG ,,, UHVSHFWLYHO\ 7KH KLJKHVW
QHJDWLYH DVVRFLDWLRQ ï ZDV IRXQG EHWZHHQ
Cx. vishnui DQG Cx. brevipalpis LQ JURXSV , DQG ,,
UHVSHFWLYHO\ 7DEOH  %RWK An. subpictus DQG An.
annularis VKRZHG FORVH DVVRFLDWLRQ ZLWK WKH
VSHFLHV RI JURXS , EXW WKHLU FRHIILFLHQW RI
DVVRFLDWLRQ ZDV ORZHU 7KH WZR VSHFLHV RI Aedes
Ae. albopictus DQG Ae. albolateralis KDG VLPLODU
EUHHGLQJ SUHIHUHQFHV DV FRPSDUHG WR PRVW RI WKH
$QRSKHOLQH VSHFLHV $PRQJ WKH Culex VSHFLHV Cx.
mimeticus DQG Cx. vishnui DOVR VKRZHG VLPLODULW\
RI KDELWDW UHTXLUHPHQWV ZLWK $QRSKHOLQH VSHFLHV
ZKLOH LQ JURXS ,,, An. gigas DQG An. lindesayi
ZHUH IRXQG DVVRFLDWHG ZLWK &XOLFLQHV Aedes DQG
Culex VS VKRZLQJ GLIIHUHQW KDELWDW SUHIHUHQFH
IURPRWKHU$QRSKHOLQHVSHFLHV
Characters of breeding habitats
7KH SRVLWLYH EUHHGLQJ KDELWDWV DQG WKHLU
TXDQWLWDWLYH FKDUDFWHUV ZDWHU GHSWK DQG
TXDOLWDWLYH FKDUDFWHUV QDWXUDODUWLILFLDO
SHUPDQHQWWHPSRUDU\ VKDG\OLJKWHG ZDWHU
PRYHPHQW YHJHWDWLRQ FRQGLWLRQ DQG WXUELGLW\
DUH OLVWHG ZLWK UHJDUG WR SUHVHQFH RU DEVHQFH RI
GLIIHUHQW PRVTXLWRHV VSHFLHV LQ 7DEOH  7KH
EUHHGLQJ KDELWDWV RI PRVTXLWRHV IRXQG LQ WKH
SUHVHQW VWXG\ ZHUH VHHSDJH SRROV ULYHUEHGV ULFH
ILHOGV WDQNV IRUHVW SRROV GLWFKHV VWUHDPV URFN
KROHV WUHHKROHV LQWUDGRPHVWLFFRQWDLQHUV DQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VKDOORZ SLWV %UHHGLQJ KDELWDWV VXFK DV VWUHDPV
DQG URFN KROHV ZHUH WKH ULFKHVW KDELWDWV VKDULQJ
 PRVTXLWR VSHFLHV IROORZHG E\ VHHSDJH SRROV
KDUERULQJ  VSHFLHV RI PRVTXLWRHV 7KH ORZHVW
VSHFLHV GLYHUVLW\  VSHFLHV ZDV UHFRUGHG IURP
VKDOORZ SLWV *HQHUDOO\ DOO WKH FROOHFWHG VSHFLHV
ZHUH IRXQG LQ QDWXUDO KDELWDWV LQ TXLHWVWDJQDQW
FRQGLWLRQV DW D GHSWK RI ± P ,Q JHQHUDO WKH
PD[LPXP QXPEHU RI VSHFLHV SUHIHUUHG SDUWLDOO\
VKDG\ DQG WHPSRUDU\ ZDWHU KDELWDWV 0RGHUDWH
YHJHWDWLRQ DQG FOHDU ZDWHU KDELWDWV DOVR KDG
KLJKHUPRVTXLWRVSHFLHVGLYHUVLW\
0RVTXLWR VSHFLHV XQGHU *URXS , ZHUH PDLQO\
UHVWULFWHG WR VHHSDJH SRRO ULFH ILHOGV WDQNV
VWUHDP DQG URFN KROHV 3DUWLDOO\ VKDG\ KDELWDWV
HLWKHU VORZ IORZLQJ RU TXLHW DQG FOHDU WR VOLJKWO\
WXUELG ZHUH WKH PDLQ FKDUDFWHUV RI WKH KDELWDWV
0RUHRYHU WKH PRVTXLWR VSHFLHV PRVWO\ SUHIHUUHG
WKH KDELWDWV ORFDWHG LQ WKH VXUURXQGLQJV ZLWK
PRGHUDWH WR WKLQ YHJHWDWLRQ ,PPDWXUHV ZHUH DOVR
IRXQG LQ WUHH KROHV LQ ZKLFK WKH ZDWHU GHSWK
YDULHG IURP ± P 6HHSDJH SRRO ULYHUEHGV
IRUHVW SRROV GLWFKHV URFN KROHV WUHH KROHV DQG
LQWUDGRPHVWLF FRQWDLQHUV ZHUH WKH FRPPRQ
EUHHGLQJ KDELWDWV RI WKH VSHFLHV RI *URXS ,,
6KDG\ WR SDUWLDOO\ VKDG\ DQG TXLHWVWDJQDQW
KDELWDWV ZLWK PRGHUDWH WR QHJOLJLEOH YHJHWDWLRQ DW
D ZDWHU GHSWK RI ± P ZHUH WKH PDLQ
FKDUDFWHUV RI WKH KDELWDWV SUHIHUUHG E\ *URXS ,,
VSHFLHV *URXS ,,, VSHFLHV PRVWO\ SUHIHUUHG
EUHHGLQJ KDELWDWV VXFK DV IRUHVW SRROV VWUHDPV
DQG URFN KROHV $OO WKH VSHFLHV SUHIHUUHG QDWXUDO
EUHHGLQJ KDELWDWV RI SHUPDQHQW FRQGLWLRQV ZLWK
VKDG\ TXLHWVWDJQDQW PRGHUDWH YHJHWDWLRQ DOVR
DW D ZDWHU GHSWK RI ± P 7HPSRUDU\ KDELWDWV
ZLWK WKLFN YHJHWDWLRQ DOVR KDUERUHG ODUJH QXPEHUV
RI VSHFLHV 7KH ODUYDH RI An. subpictus ZHUH IRXQG
WR EUHHG LQ DOO RI WKH DERYH VWDWHG KDELWDWV H[FHSW
WKH GLWFKHV 7KH LPPDWXUH RI An. annularis ZHUH
IRXQG LQ VHHSDJH SRROV ULYHUEHGV ULFH ILHOGV
GLWFKHV VWUHDPV DQG WUHH KROHV +RZHYHU WKH
QDWXUDO KDELWDWV RI WHPSRUDU\ FRQGLWLRQV ZLWK
VKDG\ WR SDUWLDOO\ VKDG\ KDELWDWV ZHUH WKH PDLQ
FKDUDFWHULVWLFVRIWKHKDELWDWVRIWKLVVSHFLHV
Discussion
%RWK TXDQWLWDWLYH DQG TXDOLWDWLYH FKDUDFWHUV RI WKH
PRVTXLWR EUHHGLQJ KDELWDWV KDYH FRQWULEXWHG WR
XQGHUVWDQGLQJ WKH VLPLODULW\ RI KDELWDW
UHTXLUHPHQWV RI GLIIHUHQW VSHFLHV $OPLURQ DQG
%UHZHU  SRLQWHG RXW WKDW GLIIHUHQW W\SHV RI
KDELWDWV ERWK QDWXUDO DQG DUWLILFLDO QDWXUH RI
YHJHWDWLRQ ZDWHU PRYHPHQW DQG ZDWHU GHSWK DUH
WKH PDLQ FKDUDFWHUV WKDW H[SODLQ WKH REVHUYHG
YDULDWLRQV DPRQJ PRVTXLWR VSHFLHV %DVHG RQ
KDELWDW VLPLODULW\ E\ PHDQV RI FOXVWHU DQDO\VLV
IRXU JURXSV RI VSHFLHV KDYH EHHQ DVVRFLDWHG EXW LQ
WKH SUHVHQW VWXG\ RQO\  JURXSV DUH UHFRUGHG 7KH
SKHQRJUDP SURSRVHG E\ $OPLURQ DQG %UHZHU
 ZLWK  RSHUDWLYH WD[RQRPLF XQLWV LV
GLIIHUHQW IURP WKDW IRXQG LQ WKH SUHVHQW VWXG\ WKDW
KDVRSHUDWLYHWD[RQRPLFXQLWV
%KDW DE VWXGLHG WKH IUHTXHQF\ RI
DVVRFLDWLRQ RI LPPDWXUHV RI PRVTXLWRHV FROOHFWHG
IURP WKH +LPDOD\DQ UDQJH RI ,QGLD DQG UHFRUGHG
WKH KLJKHVW DVVRFLDWLRQ RI An. maculatus ZLWK Cx.
mimeticus ZKLFK LV VLPLODU WR WKH SUHVHQW
REVHUYDWLRQ 2WKHUV ZKR KDYH PDGH UHODWHG
VWXGLHV IURP SDUWV RI *DUKZDO DUH 3HPROD DQG
-DXKDUL E  $OWKRXJK WKHUH LV VRPH
UHVHPEODQFH WKHLU VWXGLHV DUH EDVHG RQ
GLVWULEXWLRQ RI PRVTXLWRHV LQ PDFUR OHYHO IHDWXUHV
VXFK DV YHJHWDWLRQ DOWLWXGHV DQG ODQG XVH
SDWWHUQV 7KH ILQGLQJV RI %KDWW HW DO  
FRQFHQWUDWHG RQ WKH DVVRFLDWLRQ DPRQJ
$QRSKHOLQH LPPDWXUHV LQ GLIIHUHQW EUHHGLQJ
KDELWDWV WKDW RQO\ VOLJKWO\ UHVHPEOHV WKH SUHVHQW
VWXG\
7KH SUHVHQW VWXG\ KDV VRPH VLPLODULWLHV WR WKH
KDELWDW UHTXLUHPHQWV RI PRVW RI WKH UHFRUGHG
PRVTXLWR VSHFLHV HVSHFLDOO\ An. culicifacies DQG
An. annularis EXW IURP D GLIIHUHQW UHJLRQ 6DKX HW
DO  7KHUH LV OLWWOH VLPLODULW\ ZLWK
*XQDVHNDUDQ HW DO  DQG 0DKHVK DQG
-DXKDUL E DV WKH\ UHFRUGHG D SRVLWLYH
DVVRFLDWLRQ EHWZHHQ An. culicifacies DQG An.
annularis KRZHYHU LQ WKH SUHVHQW VWXG\ D SRVLWLYH
FRUUHODWLRQ EHWZHHQ An. culicifacies, An. aconitus
'RQLW], An. stephensi DQG An. subpictus KDV EHHQ
UHFRUGHG 2Q RWKHU KDQG -DXKDUL HW DO 
REVHUYHG DVVRFLDWLRQV RI An. culicifacies DQG An.
fluviatilis ZLWK Aedes aegypti /LQQDHXV DQG Cx.
quinquefasciatus LQ WKH IRUHVWHG DUHDV RI 'RRQ
9DOOH\ EXW LQ RXU ILQGLQJV WKH DVVRFLDWLRQ ZDV QRW
WKH VDPH DV An. culicifacies DQG An. fluviatilis
VKRZHG QHJDWLYH DVVRFLDWLRQ ZLWK Cx.
quinquefasciatus LH ï DQG ODUYDH RI Ae.
aegypti ZHUH UDUHO\ IRXQG DQG KHQFH QRW
FRQVLGHUHG
7KHUH DUH D QXPEHU RI SDSHUV RQ WKH UHODWLRQVKLS
EHWZHHQ YHJHWDWLRQ DQG LPPDWXUH VWDJHV E\
VHYHUDO DXWKRUV 6DYDJH HW DO  5DMPDQNRYD
HW DO   5RGULJXH] HW DO  5DMQLNDQW
HW DO  DQG DOPRVW DOO RI WKHP UHSRUWHG WKDW
ODUYDO DEXQGDQFH LV UHODWHG WR WKH SUHVHQFH RI D
SDUWLFXODU NLQG RI YHJHWDWLRQ 7KHLU UHVXOWV JHW
VXSSRUW IURP $GLW\D HW DO  ZKR IRXQG
FHPHQWHG WHPSRUDU\ SRROV FRQWDLQLQJ PD[LPXP
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IRRG UHVRXUFHV LQ WHUP RI GHWULWXV YHJHWDWLRQ DQG
DOJDH DOORZLQJ WKH PD[LPXP QXPEHU RI VSHFLHV RI
GLIIHUHQWJXLOGVWRFRH[LVW
,Q WKH SUHVHQW VWXG\ PRVTXLWR LPPDWXUHV IRXQG
LQ WXUELG ZDWHU ZHUH DOPRVW DOZD\V &XOLFLQHV
ZKLFK LV VLPLODU WR WKH ILQGLQJV RI 6DWWOHU HW DO
 7KH SUHIHUHQFH RI WKH LPPDWXUHV RI
$QRSKHOLQHV WR EUHHG LQ FOHDU WR VOLJKWO\ WXUELG
ZDWHU LV VLPLODU WR WKH ILQGLQJV RI %DWHV 
DQG 5REHUW HW DO  +RZHYHU *LPQLQJ HW DO
 IRXQG LQFUHDVLQJ An. gambiae VO ODUYDO
GHQVLWLHV ZLWK LQFUHDVLQJ WXUELGLW\ )XUWKHU WKH
UHVXOWV RI WKH SUHVHQW ILQGLQJV DUH FRQWUDU\ WR
WKRVH RI 0LQDNDZD HW DO  DQG (GLOOR HW DO
 LQ KDYLQJ GLIIHUHQW PRVTXLWR VSHFLHV DV ZHOO
DV IOXFWXDWLQJ HFRORJLFDO FRQGLWLRQV SUHYDLOLQJ LQ
WKHDUHD
&RQVLGHULQJ WKH UHVXOWV RI WKH SUHVHQW VWXG\ LQ
FRPSDULVRQ WR HDUOLHU ILQGLQJV LW KDV EHHQ IRXQG
WKDW SRVLWLYH DVVRFLDWLRQV EHWZHHQ PRVTXLWR
VSHFLHV PD\ UHVXOW IURP D FRPPRQ SUHIHUHQFH IRU
D SDUWLFXODU KDELWDW ZKLOH QHJDWLYH DVVRFLDWLRQV
PD\ FDXVH YDULDWLRQ LQ SUHIHUHQFH IRU D SDUWLFXODU
KDELWDW 0RUHRYHU RQ WKH EDVLV RI DVVRFLDWLRQV
REVHUYHG EHWZHHQ $QRSKHOLQHV LQ GLIIHUHQW
KDELWDWV LW LV DOVR SRVVLEOH WR JURXS WKHP DV D
GLVWLQFW FRPPXQLW\ 0D[LPXP LPPDWXUH
DVVRFLDWLRQV DV UHFRUGHG LQ WKH KDELWDWV VXFK DV
VWUHDPV URFNKROHV DQG VHHSDJH SRROV VXJJHVW
KLJK VXUYLYDO UDWH RYLSRVLWLRQDO SUHIHUHQFHV DQG
IDYRUDEOH SK\VLFRFKHPLFDO FKDUDFWHULVWLFV RI WKHVH
KDELWDWV ,W ZDV DOVR QRWLFHG WKDW SURORQJHG ZDWHU
ORJJLQJ ZLWK IDVW FKDQJLQJ HFRORJLFDO FRQGLWLRQV
DQG H[WHQVLYH VXUIDFH DUHD RI KDELWDWV RIIHU
IDYRUDEOH EUHHGLQJ FRQGLWLRQV WR D QXPEHU RI
PRVTXLWR VSHFLHV LQFOXGLQJ GLVHDVH YHFWRUV 7KH
FRH[LVWHQFH RI PRUH WKDQ RQH VSHFLHV LQ D KDELWDW
DW D JLYHQ WLPH LQGLFDWHV WKDW PRVTXLWR VSHFLHV RI
WKH VDPH QDWXUH DQG SUHIHUHQFH LQWHUDFW ZLWK HDFK
RWKHU ,Q RUGHU WR EHWWHU HOXFLGDWH WKH DVVRFLDWLRQ
EHWZHHQ ODUYDO RFFXUUHQFH DQG DEXQGDQFH DQG
HQYLURQPHQWDO YDULDEOHV IXUWKHU UHVHDUFK VKRXOG
EH PDGH WR H[DPLQH PRUH YDULDEOHV LQFOXGLQJ D
GHWDLOHG DQDO\VLV RI ZDWHU FKHPLVWU\ DQG WKH
HFRORJ\RIPRVTXLWRSUHGDWRUV
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